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(57) ABSTRACT 

Provided is a manufacturing method and manufacturing 
device of a microstructure capable of forming resin patterns 
on a substrate Without any “offset portion”. A substrate 50 
and a stamper 30 to Which a concave/convex pattern is 
formed are aligned so as to be ?ush; resin 60 is in?ltrated 
from one end side of the stamper 30 to the aligned face of 
the substrate 50 and stamper 30, and the resin 60 is draWn 
into the concave/convex pattern of the stamper 30 by setting 
the barometric pressure of the other end side of the stamper 
30 to be relatively loWer than the one end side of the stamper 
30; resin 60 that spread in the concave/convex pattern of the 
stamper 30 is cured; and a resin 60 pattern transferred from 
the stamper 30 is obtained on the substrate 50 by separating 
the substrate 50 and stamper 30. 

18 Claims, 8 Drawing Sheets 
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FIG. 4 



U.S. Patent Nov. 11,2003 Sheet 5 of 8 US 6,645,793 B2 

FIG. 5 



U.S. Patent Nov. 11,2003 Sheet 6 6f 8 US 6,645,793 B2 

F166 



U.S. Patent Nov. 11,2003 Sheet 7 of 8 US 6,645,793 B2 

FIG. 7 
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MANUFACTURING METHOD AND 
MANUFACTURING DEVICE OF 

MICROSTRUCTURE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to optical elements 
such as diffraction grating, liquid crystal display devices, 
and microstructure processing technology (micromolding) 
of semiconductors and the like, and particularly to the 
manufacturing method and manufacturing device of micro 
structures With ?ne resin patterns on the substrate. 

2. Description of the Related Art 
The 2P method and other methods are conventionally 

knoWn as methods for forming a thin ?lm resin pattern on a 
substrate In other Words, resin is applied on the substrate, 
and a stamper With slants and steps on the surface thereof is 
pressed against the resin in order to cure the resin. 
Thereafter, a resin pattern is formed on the substrate by 
removing the stamper. 

Nevertheless, When pressing the stamper after applying 
the resin to the substrate, so-called “offset portion” is formed 
on the thick section of the ?lm since resin is sandWiched 
betWeen the concave/convex layers of the substrate and 
stamper (refer to FIG. 8). Thus, as shoWn in FIG. 5 or FIG. 
6, it is dif?cult to obtain a shape Where an inclination begins 
immediately from the substrate surface. Moreover, due to 
the existence of this “offset portion,” it is dif?cult to control 
the height of the stamper from the substrate surface, and it 
is dif?cult to secure the evenness of the resin thickness in the 
surface and the evenness of contraction. Thus, developed 
Was the MIMIC (micromolding in capillaries) method as the 
method of forming resin patterns Without any “offset por 
tion” (International Publication No: WOW/33737). 

SUMMARY OF THE INVENTION 

Nevertheless, With the aforementioned MIMIC method, 
there is a problem in that the resin does not spread Widely on 
the substrate, and the speed thereof is also sloW. Further, 
there is an additional problem in that high-precision pattern 
forming employing rubber, resin or the like as the stamper 
material is dif?cult. 

Therefore, an object of the present invention is to provide 
a manufacturing method of a microstructure capable of 
in?ltrating resin in a Wide area on the substrate quickly by 
providing a barometric pressure difference to one end side 
and the other end side of the stamper, and forming high 
precision resin patterns Without any “offset portion” by 
making the stamper a metal stamper. 

Another object of the present invention is to provide a 
manufacturing device capable of forming resin patterns on a 
substrate Without any “offset portion” described above. 
A further object of the present invention is to provide a 

semiconductor manufacturing device and electro-optical 
body manufacturing device capable of forming resin pat 
terns Without any “offset portion” described above. 

In order to achieve the aforementioned objects, With the 
manufacturing method of a microstructure according to the 
present invention, a substrate and a stamper to Which a 
concave/convex pattern is formed are aligned so as to be 
?ush; resin is in?ltrated from one end side of the stamper to 
the aligned face of the substrate and stamper, and the resin 
is draWn into the concave/convex pattern of the stamper by 
setting the barometric pressure of the other end side of the 
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2 
stamper to be relatively loWer than the one end side of the 
stamper; resin that spread in the concave/convex pattern of 
the stamper is cured; and a resin pattern transferred from the 
stamper is obtained on the substrate by separating the 
substrate and stamper. 
With the aforementioned structure, as the resin easily 

spreads on the substrate, it is possible to expand the area 
Where the resin is to spread on the substrate, secure the 
evenness of the thickness of the applied resin, and thereby 
obtain a resin pattern on a substrate Without any “offset 
portion”. 

Preferably, the relative setting of barometric pressure is 
conducted by the aspiration from the other end side of the 
stamper. 

Preferably, the relative setting of barometric pressure is 
conducted by pressuriZing one end side of the stamper and 
depressuriZing the other end side thereof. 

Preferably, the aforementioned in?ltration of resin is 
conducted by capillary action. 

Preferably, the stamper is a thin-?lm metal stamper of 
approximately 100 pm, and cushion material is formed on 
the non-patterned face side such that the alignment of the 
substrate and stamper becomes even. By employing a metal 
stamper as the stamper in the present invention, high 
precision pattern forming is possible. 

Preferably, the aforementioned resin is thermosetting 
resin or photocuring resin. 
The manufacturing device according to the present inven 

tion comprises: pressuriZing means for pressing a stamper, 
to Which a concave/convex pattern is formed, against a 
substrate; barometric pressure difference forming means for 
providing barometric pressure difference to both sides of the 
substrate and stamper; and resin supplying means for sup 
plying resin to the side With a relatively higher barometric 
pressure betWeen both end sides of the stamper. 

Preferably, the manufacturing method of a microstructure 
described above is employed in the manufacture process of 
LCD display devices, electro-optical devices such as EL 
display devices, and semiconductor devices. 
The manufacturing device according to the present inven 

tion comprises: pressuriZing means for pressing a stamper, 
to Which a concave/convex pattern is formed, against a 
substrate; a chamber for covering at least a part of the 
substrate and stamper; depressuriZing means for depressur 
iZing the barometric pressure in the chamber; and resin 
supplying means for supplying resin to the periphery of the 
stamper outside the chamber. 

Preferably, the aforementioned manufacturing device fur 
ther comprises pressure intensifying means for intensifying 
the barometric pressure outside the chamber. 

According to the structure described above, the resin 
in?ltrating along the alignment face of the substrate and 
stamper is easily draWn into (or pushed into) the ?ne gap 
betWeen the substrate and stamper, and Will suf?ciently 
spread Within the concave/convex pattern of the stamper. 
The in?ltration time is also shortened. 

Preferably, With the aforementioned manufacturing 
device, the stamper is formed of a metal thin ?lm With a ?lm 
thickness of approximately 100 pm, and a cushion layer is 
formed on the back face (non-patterned face) thereof. 
With the aforementioned structure, the adhesiveness of 

the stamper and substrate on the overall surface of the 
substrate Will be improved, and the securement of the 
evenness of thickness of the resin formed as the optical 
element or the like Will be facilitated. Moreover, the pro 
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cessing precision of the patterns Will improve as a metal 
stamper is used. 

Further, the aforementioned manufacturing device of a 
microstructure may be employed in the manufacture of 
semiconductor elements or electro-optical elements by con 
stituting a part of a semiconductor manufacturing device, or 
a manufacturing device of electro-optical devices such as 
liquid crystal display devices, EL (electro-luminescence) 
devices, organic EL devices, and so on. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a process diagram explaining the manufacturing 
process of the substrate of the present invention; 

FIG. 2 is a process diagram explaining the manufacturing 
process of the substrate of the present invention; 

FIG. 3 is an explanatory diagram explaining the manu 
facturing device of the substrate of the present invention; 

FIG. 4 is an explanatory diagram explaining the draWing 
of resin into the concave/convex pattern betWeen the sub 
strate and stamper pursuant to the capillary action and 
barometric pressure difference; 

FIG. 5 is an explanatory diagram explaining an example 
(in the shape of a saW blade cross section) of a diffraction 
grating Without any “offset portion” manufactured on the 
substrate pursuant to the present invention; 

FIG. 6 is an explanatory diagram explaining an example 
(in the shape of a stair cross section) of a diffraction grating 
Without any “offset portion” manufactured on the substrate 
pursuant to the present invention; 

FIG. 7 is an explanatory diagram explaining an example 
of forming a pattern exposing the substrate surface; and 

FIG. 8 is an explanatory diagram explaining the manu 
facture of a substrate pursuant to a conventional manufac 
turing method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention are noW described 
With reference to the relevant draWings. 

FIG. 1 and FIG. 2 are explanatory diagrams for explaining 
the process of the manufacturing method of the substrate 
according to the present invention. Foremost, in order to 
manufacture the stamper, as shoWn in FIG. 1(a), surface 
processing is conducted to a glass substrate 10. With this 
processing, a smooth recordable face is formed on the 
surface of the glass substrate 10 by precision polishing. 

Next, photo-resist velation processing is performed. As 
shoWn in FIG. 1(b), a photo-resist ?lm 20 is formed in a 
prescribed thickness on the glass substrate 10 pursuant to the 
likes of a spin coating method. 

Then, exposure processing for exposing patterns of 
electro-optical elements or the like on this photo-resist ?lm 
20 is performed. As shoWn in FIG. 1(c), for example, a laser 
beam 2 modulated With pattern information is converged on 
the photo-resist ?lm 20 With an objective (condensing) lens 
1, the photo-resist is exposed by scanning the photo-resist 
?lm 20, and element patterns are recorded thereby. The 
exposure may also be conducted With a stepper or the like. 

Then, a development process is performed to the photo 
resist. As shoWn in FIG. 1(a), the portion of the photo-resist 
exposed in the previous process is dissolved With a devel 
oping solution in order to form a concave/convex pattern. 
A conductivity process is performed for forming a con 

ductive ?lm on the concave/convex pattern surface. This 
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4 
conductive ?lm is formed by layering metals such as nickel 
(Ni) on the surface of a concave/convex pattern With the 
likes of a sputtering method or electroless method (not 

shoWn). 
With the conductive ?lm as the electrode, as shoWn in 

FIG. 1(e), nickel or the like is layered pursuant to electro 
forming in order to form a metal layer 30, and a casting mold 
is prepared thereby. A stamper (metal stamper) 30 prepared 
as described above is generally formed to have a ?lm 
thickness of approximately 300 pm, and it is preferable to 
form the stamper 30 to have a ?lm thickness of approxi 
mately 100 pm in order to improve the adhesiveness and 
evenness With the substrate described later, and to form a 
cushion material on the back face of such stamper. 

In other Words, a polishing process is performed to the 
back face of the stamper 30. The back face (non-patterned 
face) of the stamper 30 is polished and ?attened With the 
likes of tape polishing. A trimming metal mold of the 
stamper 30 is prepared in a prescribed form. As shoWn in 
FIG. 1(1‘), cushion material is formed on the back face of the 
stamper 30. Cushion material may be formed by applying a 
resin layer 40 having suitable elasticity. The adhesiveness of 
the substrate described later and the stamper is sought With 
a thin-?lm structured stamper 30 and the cushion ?lm 40, 
and capillary action is thereby further secured. 

Next, explained is the duplicating process of substrates 
employing the aforementioned stamper (metal stamper). As 
shoWn in FIG. 2(a), the stamper 30 (or a metal mold With the 
stamper 30 built therein) is pressed against a substrate 50, 
such as a glass plate, resin plate or circuit board for forming 
electro-optical elements and the like. The pressing force may 
be obtained by mounting a pressing plate 80 of a suitable 
Weight. The concave/convex pattern of the stamper 30 is, for 
example, as shoWn in FIG. 4, a lattice shape extending from 
one end of the stamper 30 to the other end thereof. 

As shoWn in FIG. 2(b) or FIG. 3, photocuring resin 60 is 
applied to one end of the stamper 30, and is in?ltrated in the 
gap of the concave/convex pattern betWeen the substrate 50 
and stamper 30 pursuant to capillary action. The applied 
resin is spread throughout the entire pattern by vacuuming 
from the opposite side of the stamper 30. Moreover, Where 
necessary, the supplied resin (applied resin) may be pres 
suriZed With inert gas such as nitrogen gas in order to spread 
along the concave/convex pattern on the substrate pursuant 
to the pressing from the application side and the vacuuming 
from the opposite side. 

After curing the resin 60 in the concave/convex pattern by 
exposing the resin With a method such as ultraviolet 
radiation, the stamper 30 is removed (or separated) from the 
substrate 50, and, as shoWn in FIG. 2(c), prepared is a 
substrate to Which a resin pattern is formed. Removal, for 
example, is enabled by bloWing air from the periphery of the 
alignment face of the stamper and substrate. Further, the 
resin may also be thermosetting resin, and curing is con 
ducted by heating in such a case. 

FIG. 3 is an explanatory diagram explaining an example 
of a substrate manufacturing device employed in the afore 
mentioned manufacturing process. This substrate manufac 
turing device may also be structured as a part of a semicon 
ductor manufacturing device or a manufacturing device of 
electro-optical devices. 

In FIG. 3, the substrate 50 is mounted on the loWer holder 
210, Which also retains the stamper 30 (metal mold). A ?rst 
chamber 70 covers a part of the stamper 30, and the chamber 
70 forms a closed space together With the holder 210. Gas 
in this closed space is discharged With the vacuum pump 90, 



US 6,645,793 B2 
5 

and the internal pressure of the chamber 70 is relatively 
loWer than the external pressure thereof. Thereby, suction 
pressure (negative pressure) is formed in the gaps betWeen 
the substrate 50 and stamper 30. The stamper 30 is pressed 
against the substrate 50 at an even strength With a ?at 
pressing plate 80 via the cushion material 40. Although this 
functions as a pressuriZing means for pressing the stamper 
against the substrate, other pressuriZing means such as a 
spring or cylinder may also be used. The thin-?lm structure 
of the stamper 30 and the cushion ?lm 40 enables the even 
adhesion betWeen the substrate 50 and the stamper 30. A 
resin supplying means 100 for supplying droplets of resin to 
the periphery of the stamper 30 is provided to the side of the 
stamper 30 on the outside of the chamber 70. 

Furthermore, it is also possible to provide a second 
chamber 110. The second chamber 110 covers the other 
portion of the stamper 30 covered With the ?rst chamber 70 
and the resin supplying means 100, and forms a second 
closed space together With the holder 210. PressuriZing gas 
is supplied inside the second chamber 110 via a pressuriZing 
means 92, such as a pump for pressuriZing nitrogen gas or 
a regulating valve for regulating the gas pressure, from a 
supply source of inert gas such as nitrogen gas (not shoWn). 
Thereby, the resin 60 supplied in droplets to the side end 
portion of the stamper 30 is pressuriZed and pressed in 
betWeen the stamper 30 and substrate 50. 

Barometric pressure difference is formed in the ?rst and 
second chambers pursuant to the discharge by the vacuum 
pump 90 and the pressuriZing means 92, and barometric 
pressure difference is provided betWeen both sides of the 
substrate 50 and stamper 30. Resin supplied to the left side 
of the stamper 30 moves from left to right pursuant to this 
barometric pressure difference in addition to the capillary 
action, and spreads in the concave/convex pattern. 
As the spreading of resin may be anticipated by this 

barometric pressure difference, it is possible to conduct only 
one of the aforementioned depressuriZation or pressuriZation 
steps. Moreover, it is possible to make the structure such that 
the entire resin supplying means 100 is provided inside the 
chamber 110. 

FIG. 4 is an explanatory diagram for explaining the 
operation of the substrate manufacturing device shoWn in 
FIG. 3. FIG. 4 is a conceptual diagram shoWing the general 
vieW from the top portion. A lattice-shaped concave/convex 
pattern extending in the leftWard and rightWard direction is 
formed on the stamper 30. The resin 60 supplied to one end 
(left end) of the stamper 30 moves toWard the other end 
(right end) in the gap betWeen the stamper 30 and substrate 
50 pursuant to the capillary action and barometric pressure 
difference. The resin spreads sufficiently in the pattern. 
Resin is ?lled in the concave/convex pattern by appropri 
ately setting the resin viscosity, barometric pressure 
difference, draWing time, and so on. 
As described above, With the chamber 70, one end face 

thereof is vacuumed by depressuriZation, and, When needed, 
the other end face is pressuriZed by nitrogen gas. The 
barometric pressure difference generated at both ends of the 
stamper 30 as a result thereof facilitates the in?ltration of the 
applied resin 60 along the concave/convex pattern betWeen 
the stamper 30 and substrate 50, and the resin spreads evenly 
across the entire substrate, and a resin pattern is formed on 
the substrate. 

FIGS. 5 to 7 are examples of a diffraction grating having 
braZe effects manufactured With the present invention. A 
“offset portion” does not exist in the patterns formed in any 
of the examples. 
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In FIG. 5, a resin layer 61 structuring a saW blade pattern 

is formed on the substrate 50, and the bottom portion of each 
saW blade shape is rising from the surface from the substrate 
50. 

In FIG. 6, a resin layer 62 structuring a stair pattern is 
formed on the substrate 50, and each stair shape is rising 
from the surface of the substrate 50. Moreover, it is also 
possible to form an area Without the resin layer 62. 

FIG. 7 is an example of forming a pattern on the con 
ductive ?lm 51 formed on the substrate 50. As a “offset 
portion” does not exist on the resin layer 63 structuring the 
pattern, it is possible to expose the conductive ?lm 51 
betWeen the patterns and to directly Wire the conductive ?lm 
51. 

According to the embodiments of the present invention as 
described above, it is possible to draW (spread) the resin in 
a Wide area inside the pattern of the stamper by supplying 
resin to one side of the stamper and vacuuming it from the 
opposite side of such stamper. 

Further, it is possible to spread the resin in the pattern of 
the stamper by adding pressure to the resin from one side of 
the stamper. 

Moreover, it is possible to spread the resin in a Wide area 
of the pattern of the stamper by combining the aforemen 
tioned vacuum and pressuriZation. 

In addition, as resin is aggressively sucked in (or 
pressuriZed), resin ?lling is completed in a shorter time in 
comparison to ?lling resin in the stamper pattern With only 
capillary action. 

Furthermore, the patterns do not easily come apart as a 
metal stamper is used as the stamper in the present inven 
tion. 

Moreover, by making the thickness of the stamper thin 
and disposing cushion material on the back face thereof, the 
substrate and stamper adhere at an even pressure, and the 
adhesion and evenness of the ?lm thickness are improved 
thereby. 
As it is possible to form elements Without any “offset 

portion,” this is preferable in manufacturing elements and 
panels that re?ect, in a speci?c direction, the light of light 
(irradiation) re?ectors of diffraction gratings and LCD pan 
els. 

Since patterns Without any “offset portion” may be 
formed, as shoWn in FIG. 7, it is possible to form a pattern 
?lm capable of contacting the conductive ?lm and Which 
opens above such conductive ?lm. 

Further, although the aforementioned embodiments Were 
explained Where the photo-resist process is of a positive 
type, a negative type process Will also yield the same 
advantages. 

Moreover, although the resin Was in?ltrated in one direc 
tion in the aforementioned embodiments, it Would be pos 
sible to provide a gas vent to a portion of the stamper, apply 
resin to the periphery of the stamper, bloW inert gas from the 
periphery thereof, and make the resin move toWard the 
center of the stamper. 
As described above, With the manufacturing method and 

manufacturing device of the substrate according to the 
present invention, it is possible to draW the resin in a Wide 
area in the gap betWeen the substrate and stamper upon 
duplicating the stamper pattern on the substrate. It is further 
possible to suf?ciently spread the resin even in a compara 
tively large pattern, and the in?ltration time of such resin is 
shortened thereby. Moreover, a high-precision resin pattern 
Without any “offset portion” may be formed on the substrate. 



US 6,645,793 B2 
7 

The entire disclosure of Japanese Patent Application No. 
2000-284988 ?led Sep. 20, 2000 is incorporated herein by 
reference. 
What is claimed is: 
1. A manufacturing method of a rnicrostructure cornpris 

ing: 
aligning a substrate and a starnper to Which a concave/ 

convex pattern is formed to be ?ush inside a chamber; 

in?ltrating a resin from outside said chamber to one end 
side of said starnper to said aligned face of said 
substrate and said starnper, and draWing said resin into 
the concave/convex pattern of said starnper by setting 
the barometric pressure of the other end side of said 
starnper to be relatively loWer than said one end side of 
said starnper; and 

curing said resin that spread in the concave/convex pat 
tern of said starnper; and 

obtaining a resin pattern that is transferred from said 
starnper onto said substrate by separating said substrate 
and said starnper. 

2. Arnanufacturing method of a rnicrostructure according 
to claim 1, Wherein said relative setting of barometric 
pressure is conducted by the aspiration from the other end 
side of said starnper. 

3. Arnanufacturing method of a rnicrostructure according 
to claim 1, Wherein said relative setting of barometric 
pressure is conducted by pressuriZing one end side of said 
starnper and depressuriZing the other end side of said 
starnper. 

4. Arnanufacturing method of a rnicrostructure according 
to claim 1, Wherein the in?ltration of said resin is conducted 
by capillary action. 

5. Arnanufacturing method of a rnicrostructure according 
to claim 1, Wherein said starnper is a thin-?lrn rnetal starnper, 
and cushion material is formed on the non-patterned face 
side such that the alignment of said substrate and said 
starnper becomes even. 

6. Arnanufacturing method of a rnicrostructure according 
to claim 1, Wherein a concave/convex pattern is formed on 
the patterned face of said starnper and cushion material is 
formed on the non-patterned face thereof. 

7. Arnanufacturing method of a rnicrostructure according 
to claim 1, Wherein said resin is therrnosetting resin or 
photocuring resin. 

8. A rnanufacturing device, comprising: 
a chamber having pressuriZing means for pressing a 

starnper, to Which a concave/convex pattern is formed, 
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against a substrate; and barometric pressure difference 
forrning means for providing barometric pressure dif 
ference to both sides of said substrate and said starnper; 
and 

resin supplying rneans outside said chamber for supplying 
resin to the side With a relatively high barometric 
pressure betWeen both end sides of said starnper. 

9. A rnanufacturing device according to claim 8, Wherein 
said starnper is a thin-?lrn rnetal starnper. 

10. A rnanufacturing device according to claim 8, further 
comprising a cushion rnaterial standing betWeen said 
starnper and said pressuriZing means for evenly pressing 
said starnper against said substrate. 

11. Arnanufacturing device according to claim 8, Wherein 
said rnanufacturing device is a semiconductor rnanufactur 
ing device. 

12. A rnanufacturing device according to claim 8, Wherein 
said rnanufacturing device is a manufacturing device of 
electro-optical devices. 

13. A rnanufacturing device, comprising: 
pressuriZing means for pressing a starnper, to Which a 

concave/convex pattern is formed, against a substrate; 
a chamber for covering a part of said substrate and said 

starnper; 
depressuriZing means for depressuriZing the barometric 

pressure in said chamber; and 
resin supplying means for supplying resin to the periphery 

of said starnper outside said chamber. 
14. A rnanufacturing device according to claim 13, further 

comprising pressure intensifying means for intensifying the 
barometric pressure outside said chamber. 

15. A rnanufacturing device according to claim 13, 
Wherein said starnper is a thin-?lrn rnetal starnper. 

16. A rnanufacturing device according to claim 13, further 
comprising a cushion rnaterial standing betWeen said 
starnper and said pressuriZing means for evenly pressing 
said starnper against said substrate. 

17. A rnanufacturing device according to claim 13, 
Wherein said rnanufacturing device is a semiconductor 
manufacturing device. 

18. A rnanufacturing device according to claim 13, 
Wherein said rnanufacturing device is a manufacturing 
device of electro-optical devices. 

* * * * * 


